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The tyrosine kinase receptor RET regulates the intestinal nervous system. A recent paper by Veiga-
Fernandes et al. (2007) demonstrates that RET is also involved in the intestinal immune system
through the initiation of Peyer’s-patch tissue genesis.The development of a Peyer’s patch
(PP) is controlled by a tissue-genesis
program that is mediated by a group
of the tissue-genesis-associated cyto-
kines, chemokines, and transcriptional
factors (Mebius, 2003; Nishikawa
et al., 2003). CD3CD4+CD45+IL-7 re-
ceptor (R) a+ cells (PP inducer [PPi])
and lymphotoxin (LT) bR+ stromal cells
(PP organizer [PPo]) have been shown
to be centers for the initiation of PP
genesis; they use tissue genesis-as-
sociated cytokines (e.g., LT and IL-7)
and lymphoid chemokines (CXCL13,
CCL19, and CCL21) as reciprocal
stimulator and attractant molecules,
respectively (Mebius, 2003). The cen-
tral role of PPi- and PPo-mediated
tissue genesis has now been further
enriched by the recent elegant study
by Veiga-Fernandes et al. (2007).
Their study has identified a new
CD45+CD3+CD4IL-7Rac-kit+CD11c+
hematopoietic cell population that
produced high amounts of LTb in the
PP anlagen of the E15.5 intestine.
The CD3CD4IL-7Rac-kit+CD11c+
cells expressed the tyrosine kinase
receptor RET, which is known to regu-
late the development of the enteric
nervous system (Barlow et al., 2003).
Veiga-Fernandes et al. (2007) demon-
strated that Ret/ mouse embryonic
intestines lack PP formation despite
having a normal number of the newly
identified CD3CD4IL-7Rac-kit+
CD11c+ cells and PPi. One of the
RET ligands, artemin (ARTN), was
shown to be produced by PPo. This
ligand was found to have a role in the
recruitment of RET+CD3CD4IL-
7Rac-kit+CD11c+ cells at the site of
the PP anlagen. However, RET signal-ing did not influence the differentiation
of the hematopoietic cell population
or the maturation and maintenance
of PP structure. Therefore, formation
of the initial cellular cluster under
the control of RET (produced by
CD3CD4IL-7Rac-kit+CD11c+ cells)
and ARTN (produced by PPo) is the
essential step for the initiation of PP
genesis for subsequent recruitment
of PPi into the PP anlagen (Figure 1).
The outcome of these exciting find-
ings by Veiga-Fernandes et al. (2007)
presents us with at least two new facts
important for our understanding of
the mechanism of lymphoid tissue
development. The first, identification
of a new subset of hematopoietic
cells (the RET+CD3CD4IL-7Ra
c-kit+CD11c+ cells, which produce
LTb) and their crucial contribution to
the initiation of PP genesis, should be
recognized. LTb-producing PPi were
thought to be the sole hematopoietic
cell population that initiated PP gene-
sis. However, we now have to consider
that the newly identified CD3CD4IL-
7Rac-kit+CD11c+ cells could, to-
gether with PPo, be initiator cells that
function one step earlier than PPi at
the site of PP genesis. On the basis
of the results presented by Veiga-
Fernandes et al. (2007), it is interesting
to postulate that CD3CD4IL-7Ra
c-kit+CD11c+ cells could be con-
sidered a new category of tissue-
genesis-associated cells involved in
the determination of the site for tissue
genesis together with PPo before the
recruitment of PPi; therefore, they
could be called PP initiator cells
(PPin). Thus, the initial interaction
between PPin and PPo via RET andImmuniARTN is the first step in the PP tissue
genesis and is followed by the recruit-
ment of PPi at the site of PP tissue gen-
esis (Figure 1). For the testing of this
possibility, Rorc/ mice and Id2/
mice should be helpful, because these
mutant mice genetically lack PPi, and
thus lack PP (Mebius, 2003). It would
be interesting to examine whether
PPin develop in these PP-tissue-
genesis-associated, transcriptional-
factor-deficient mice. If the develop-
ment of PPin is independent of RORg
and Id2, then this will further suggest
the presence of at least two initiation
steps whereby the interaction of
PPin and PPo may decide the site
of PP development and subsequent
mobilization of PPi, but their own
cellular lineage and development
might be regulated in an independent
manner.
Another intriguing question is
whether CD3CD4IL-7Rac-kit+
CD11c+ cells (or PPin cells) are
involved in the genesis of the other
gut-associated lymphoid tissues
such as isolated lymphoid follicles
(ILF), which develop postnatally.
CD3CD4+CD45+IL-7Ra+ cells pro-
ducing LTa1b2 (or lymphoid tissue in-
ducer [LTi]) are essential for the tissue
genesis of ILF because Rorc/ mice
lack ILF formation as a result of the fail-
ure of LTi differentiation (Newberry and
Lorenz, 2005). However, B220+ B cells
that produce LTa1b2 can reconstitute
ILF, but not PP, formation in Lta/
mice (Newberry and Lorenz, 2005).
Thus, LTi is involved in the tissue gen-
esis of ILF, but might not be essential
for postnatal development of ILF. It
would be interesting to elucidatety 26, April 2007 ª2007 Elsevier Inc. 393
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PreviewsFigure 1. Neuroregulator RET Adds a New Layer in the Initiation Stage of Peyer’s-
Patch Genesis
As the first step of Peyer’s patch (PP) genesis, PP organizers (PPo) produce ARTN, the ligand of
RET. ARTN induces the recruitment and the interaction of RET+CD3CD4IL-7Rac-kit+CD11c+
cells (PP initiatior cells [PPin]) with PPo. This cell-to-cell interaction may determine the site of PP
anlagen. PPin produce lymphotoxin (LT) b, which can enhance the production of adhesion mole-
cules (e.g., ICAM-1 and VCAM-1) and lymphoid chemokines (e.g., CXCL13, CCL19, CCL21) from
LTbR-expressing PPo. This first step will create the tissue-genesis environment for the recruitment
of PPi at the site of PP anlagen as the initiation of the second step. PPi migrate into the PP anlagen
and interact with PPo in a CXCL13- and CXCR5-dependent manner. The cell-to-cell interaction
of LTbR-expressing PPo and LTa1b2-expressing PPi then leads to the recruitment of necessary
lymphocytes to form PP.whether RET+CD3CD4IL-7Rac-kit+
CD11c+ cells (or PPin-equivalent
initiator cells) are involved in the LTi-
independent postnatal development
of ILF genesis. Furthermore, in some
cases lymphoid tissue development
does not require LTi. In Id2/ mice,
tertiary lymphoid tissue in the thyroid
was induced by mature CD4+ T cells
with transgenic expression of CCL21
in the thyroid (Marinkovic et al.,
2006). This finding further indicates
that LTi may be not essential for the
postnatal development of lymphoid
tissue in adult mice. Therefore, it is
possible that the role of LTi differs
between the initial steps of lymphoid
tissue development in the embryonic
and postnatal periods.
In the respiratory organs, naso-
pharynx-associated lymphoid tissue
(NALT) possesses a unique mecha-394 Immunity 26, April 2007 ª2007 Elsevnism of lymphoid tissue genesis
(Kiyono and Fukuyama, 2004). NALT
inducer cells share some features of
LTi and PPi (CD3CD4+CD45+ cells),
but are independent of RORg,
LTa1b2 and LTbR, and IL-7R require-
ments for the induction of postnatal
development of tissue. Furthermore,
the genesis of bronchus-associated
lymphoid tissue (BALT), especially in-
ducible BALT, is also independent of
LTbR signaling (Moyron-Quiroz et al.,
2004). Taken together, these data
indicate that there should be an or-
gan-specific mechanism of lymphoid
tissue genesis amongmucosa-associ-
ated lymphoid tissues (e.g., ILF, NALT,
and inducible BALT) in addition to
the common tissue-genesis program
shared with other secondary lymphoid
tissues (e.g., PP). We can speculate
on the involvement of an identical orier Inc.as-yet-unidentified hematopoietic cell
population as the tissue initiator in
the initial step of postnatal NALT and
BALT geneses, in the same way that
RET+CD3CD4IL-7Rac-kit+CD11c+
cells (or PPin) are involved in PP
genesis.
The second major contribution of
the study by Veiga-Fernandes et al.
(2007) is the demonstration that RET,
an essential molecule in the formation
of themammalian enteric nervous sys-
tem, is critically involved in the devel-
opment of the core lymphoid tissue
in the intestinal immune system. The
nervous system is well known to be
essential for the maintenance of gut
physiological and anatomical develop-
ment and homeostasis (Sharkey and
Mawe, 2002). RET plays a key role in
organizing enteric ganglia, and thus
disruption of the RET gene in humans
results in the development of Hirsch-
sprung’s disease, marked by the lack
of enteric ganglia (Fitze et al., 2002).
Although the contribution of RET in
the nervous system of the gastro-
intestinal tract has been extensively
investigated, this appears to be the
first demonstration of the role of RET
in the development of the immune
system, and especially in the tissue
genesis of PP.
It is important to note that the partial
removal of RET+CD3CD4IL-7Ra
c-kit+CD11c+ cells (or PPin) during
E14.5-E17.5 did not result in the com-
plete lack of PP development, and
75% of the tissues developed. Veiga-
Fernandes et al. (2007) suggested
that the development of normal
numbers of PP during the tissue-
genesis program requires a full
complement of RET+CD3CD4IL-
7Rac-kit+CD11c+ cells (or PPin).
Alternatively, the finding may suggest
that several subsets of PPin might ex-
ist and migrate to different sites of PP
genesis. Because the initiation of PP
genesis occurs chronologically and
sequentially from the pylorus to the
ileum in the small intestine (Nishikawa
et al., 2003), it is important to investi-
gate whether the PPin or their sub-
types accumulate chronologically at
the site of the PP anlagen under this
anatomical and sequential rule. The
other curious aspect of the newly iden-
tified hematopoietic cells (or PPin) is
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Previewstheir expression of surface markers
associated with professional antigen-
sampling cells including CD11c,
CD11b, and MHC class II. Further-
more, the cell subset also expresses
the cell markers associated with innate
immunity, such asGr-1 andNK 1.1. On
the basis of the unique surface-marker
expression, it is important and inter-
esting to further elucidate the nature
and fate of RET+CD3CD4IL-
7Rac-kit+CD11c+ (or PPin) cells
as the part of intestinal immune
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